Observations on a cohort of neonates in the preintervention year of the field trial of home-based neonatal care (HBNC) in rural Gadchiroli, India, showed that preterm birth and low birth weight (LBW), <2500 g, constituted the most important risk factors. Owing to a limited access to hospital care, most neonates were managed at home in the subsequent intervention years. The objective of this paper is to evaluate the feasibility and effectiveness of managing LBW and preterm neonates in home setting.
INTRODUCTION
Low birth weight (LBW), defined as a birth weight <2500 g, is indisputably a very important indirect cause of death in neonates the world over. Globally, between 40 and 80% of neonatal deaths occur among LBW neonates. The World Health Organization estimates that 16% of neonates, or nearly 20 million, are born LBW each year. The highest incidence is observed in South Asia, where an estimated 31% of neonates are born LBW, contributing 11 million, a little more than half, of the world's LBW neonates. 1 LBW is caused by intrauterine growth restriction (IUGR), short gestation or both. The incidence of preterm birth (<37 completed weeks of gestation) is fairly similar worldwide, generally ranging between 7 and 16% of total births and, according to WHO estimates, is the direct cause of 24% of neonatal deaths. In South Asia, IUGR is responsible for nearly two-thirds of all LBW neonates. 1 Attempts to prevent LBW or preterm births in populations have been largely ineffective. This is one of the most challenging and frustrating problems in public health. Kramer 2, 3 and, more recently, Ramakrishnan and Neufeld, 4 have reviewed the results of various interventions, including food and micronutrient supplements. In spite of occasional promising results, such as high-energy supplementation in the Gambia trial, 5 large-scale trials and metaanalyses have shown very little effect on the incidence of LBW.
LBW and preterm birth were major problems in Gadchiroli. A cohort of 763 neonates born in 39 villages was studied in the preintervention year (1995 to 1996) of the field trial of home-based neonatal care (HBNC) in Gadchiroli, India. 6, 7 The distribution of neonates by birth weight and period of gestation in the preintervention year, percent case fatality (CF) and the proportion of deaths contributed are presented in Table 1 . Nearly 42% neonates were LBW, with a mean 11.3% CF. Of the total neonatal deaths, 90% occurred in the LBW neonates. The 9.8% of neonates were born preterm, experienced high (33%) CF and they accounted for 62.5% of total neonatal deaths. Table 1 also shows that the CF in neonates with birth weight >2500 g was 0.2%, in IUGR neonates it was 4.4% and in preterm neonates it was 40.3%.
The estimated population attributable risk (PAR) of death in this cohort was 0.74 for preterm birth and 0.55 for IUGR. However, analysis of deaths by associated morbidities also revealed that CF was low in LBW or preterm neonates without other associated morbidities. The CF progressively and steeply increased with the number of comorbidities, viz., sepsis, asphyxia, hypothermia and feeding problems, complicating the LBW or preterm birth. 8 We also estimated that PAR for sepsis was 0.55; for asphyxia 0.35; for hypothermia 0.08 and for feeding problems 0.04. Based on this analysis and practical common sense, we proposed that if LBW and preterm births cannot be prevented, an alternative approach could be to manage them by preventing and treating comorbidities. We hypothesized that by using this approach, the HBNC would substantially improve neonatal survival including the survival of LBW or preterm neonates. 8 The objective of this paper is to evaluate the feasibility and effectiveness of HBNC in the management of LBW or preterm neonates in the Gadchiroli field trial, and to explain the effect.
METHODS
The area, study design, data collection, preintervention morbidities and the HBNC interventions have been described elsewhere.
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Here we shall only describe the relevant salient points.
Home Visiting
Resident women with 5 to 10 years of school education were selected, usually one each in 39 intervention villages (total population 39,312) and trained as village health workers (VHWs). Each VHW registered the pregnant women in her village, usually in the 4th month of pregnancy. Using a cultural calendar, she determined the date of the onset of last menstruation by asking the history, and calculated the expected date of delivery. Most of the women delivered at home, with delivery conducted by traditional birth attendants (TBA). The VHW also attended the delivery. On the day of birth, she determined the period of gestation based on the expected date of delivery that she had earlier calculated and recorded. Less than 37 weeks of gestation was called preterm birth. She recorded all information on a printed mother-neonate record.
The VHW weighed the newborn, usually within 1 to 6 hours after birth. When she was not present at birth, she visited and weighed the baby almost always within 24 hours. She used a spring balance (Salter) of 0 to 5 kg range with a discriminatory power of 25 g. The instrument was adjusted and corrected for the ''zero error'' every time the weight was measured and was tested for accuracy once in 3 months by weighing the standard weights. In case of hospital delivery, she used the birth weight recorded in hospital.
Based on the data on a cohort of 763 neonates in the preintervention year, we identified the presence of any one or more of the following as predictors of the risk of neonatal death: birth weight <2000 g, gestation <37 weeks, or baby not taking feeds on the first day. 13 Such high-risk neonates received more care from VHWs.
The VHW revisited the mother and neonate on days 2, 3, 5, 7, 15, 21 and 28. The visits to ''high-risk'' neonates were increased starting in 1999, with additional visits on days 4, 6, 9, 12, 18 and 24. The baby was weighed every week, and finally on day 28. The total weight gain during the neonatal period was calculated from these observations. Weight gain <300 g during the neonatal period was defined as ''inadequate weight gain'' because it predicted a risk of death in the 2nd month of life. 6 Apart from the visits on the fixed days, VHWs made additional visits on any other day if the parents informed her that their baby was sick. The neonates were monitored by the VHWs until day 28 or until the mother and baby left the village or the baby died, whichever was earlier.
Interventions
The interventions for the management of LBW and preterm neonates are described in Box 1.
A supervisory physician (SBB) made visits to each village and to each neonate once in 15 days. He checked and corrected the records, the findings and the care given by the VHW and the family. From 2001, two VHWs were promoted to become field supervisors, with the physician overseeing their work.
From 1999, we introduced three additional measures: (1) The VHWs were introduced to kangaroo mother care 14 and were asked to teach it to mothers if the baby was hypothermic in spite of the HBNC. (2) An evaluation form was introduced to evaluate the HBNC care to each neonate, to be completed by the supervisor on the 28th day. (3) The VHWs were advised to refer to hospital (government hospital or SEARCH hospital) any neonate with sepsis who did not respond to treatment with antibiotics within 24 hours, any neonate who was persistently hypothermic in spite of homebased care or could not be breastfed or spoon-fed at home.
The interventions and the results up to March 31, 2003 are included in this analysis.
Analysis
The HBNC interventions were introduced incrementally from April 1996 and the full package from 1997. A computer algorithm applied clinical definitions to the data on newborns collected by the VHWs. The incidence of various comorbidities was estimated from these.
A separate vital statistics surveillance system, evaluated to be 98% complete, recorded all births and neonatal deaths in the 39 intervention and the 47 control villages. 9, 11 The proportion of neonates born in 39 villages who were covered by the HBNC was estimated by comparing their number with the live births registered by this system. The estimated number of neonatal deaths was also based on the information collected by this system. Without our planning for it, a before-after and concurrent comparison was available in this trial. Some LBW and preterm neonates had received only supportive care, while some had received supportive care plus antibiotics ( Figure 1 ). Their CF in the preintervention period (1995 to 1996) and in the intervention years (1996 to 2003) was available. To estimate the contribution of supportive measures (home visiting, breastfeeding, thermal care, Vitamin K, health education) and of the treatment with antibiotics in reducing CF, we compared the reduction in CF separately for the IUGR-LBW and the preterm-LBW neonates with sepsis and without sepsis, and estimated the absolute reduction in the CF. (a) The reduction in CF in neonates without sepsis or in neonates with clinical sepsis but who did not receive antibiotics was considered as the effect of the supportive measures. (b) The reduction in CF in LBW and preterm neonates with sepsis who received antibiotics was considered as the effect of supportive measures þ antibiotics. The supportive measures being common in both groups, the net difference in the two reductions (a and b) was estimated as the effect of antibiotics. w 2 test with Yate's correction was used for estimation of significance.
Ethical Review
An external group of pediatricians, neonatologists and public health management experts advised and reviewed the study at three points in time and gave ethical clearance. Written consent was taken from the parents of the neonates with sepsis for home-based management.
RESULTS
In the preintervention year, 763 neonates in 39 villages were studied. Their distribution by birth weight and period of gestation During the 7 years of intervention, 5919 live births occurred in the 39 intervention villages. The coverage of neonates by HBNC, the proportion detected LBW or preterm and the proportion of LBW or preterm who received home-based management are presented in Table 2 . Out of the neonates born, 93% received HBNC, and 97% of the LBW/preterm babies were managed at home.
Number of neonates in different categories and the type of care they received in different years is presented in Figure 1 .
Starting in 1999, the coverage and quality of home-based care to each neonate was evaluated on various indicators. The 19 indicators of the interventions or practices relevant to the management of LBW/preterm neonates and their coverage are presented in Table 3 . Coverage of most of the indicators was in the range of 80 to 100%; it was <50% on three indicators: hand washing by mother, use of kangaroo care and advising referral.
The effectiveness of HBNC interventions in preventing LBW or preterm birth was evaluated by the change in the incidence of these two problems and has been reported elsewhere. 15 The incidence of preterm birth during different years from 1995 to 2003 remained almost constant, at nearly 10%. The incidence did not vary significantly in any of the gestation substrata as well.
Mean birth weight increased from 2472 g in 1995 to 1996 to 2584 g during 2000 to 2003 ( þ 112 g), and the incidence of LBW decreased from 41.9 to 35.2%, a net decrease of 16%, which was highly significant. The change was distributed in all birth weight strata. The change in the mean birth weight and reduction in the incidence of LBW occurred mostly in neonates with IUGR. The incidence of IUGR (<2500 g and >37 weeks) decreased from 34.9% in 1995 to 1996 to 28.4% in 2000 to 2003.
The effect of home-based management on CF is presented in Tables 4 and 5 . In preterm neonates (Table 4) , the mean CF decreased by 69.5%, the highest decrease being in the 35 to 36 weeks group. In the <33 weeks group, in spite of a decrease, the CF remained high at 45%. In LBW neonates (Table 5) , CF decreased by 58%. The decrease was most pronounced (67%) in neonates 2000 to 2499 g. The CF reached very low (1.2%), in neonates 2000 to 2499 g, but in the <1500 g group, it remained high, at 40%, in spite of a 42.2% decrease.
Further explanation of the improved survival of LBW/preterm neonates was sought in three effects: the incidence of comorbidities, the effect of managing sepsis with antibiotics and the effect of supportive care in LBW neonates. Improved survival of preterm and LBW neonates was accompanied by a reduction in the incidence of comorbidities (Figures 2 and 3 ). In the LBW neonates, the incidence of sepsis, asphyxia and hypothermia decreased significantly. The incidence of feeding problems decreased by a smaller margin and was not significant. In the preterm neonates, the incidence of all four comorbidities decreased by almost half.
Effect of supportive care and of supportive care þ treatment with antibiotics on CF in preterm-LBW neonates without sepsis and with sepsis is shown in Figure 4a . Similarly, the effect on CF in IUGR neonates is shown in Figure 4b . Among preterm-LBW neonates without sepsis, supportive care alone resulted in a significant reduction in CF. By contrast, supportive care alone did not result in a significant reduction in CF among preterm-LBW neonates with sepsis. In this group, CF was significantly reduced, from 61 to 13%, in those who received treatment with antibiotics þ supportive care. Similar pattern was observed for the LBW-IUGR neonates as well.
As shown in Figure 1 , different groups received different care in different years. The effect on CF of only supportive care, and of supportive care plus antibiotics, is presented separately for the preterm-LBW and the IUGR-LBW neonates in Table 6 . Based on the absolute reduction in %CF, we have also disaggregated the effect of antibiotic therapy from the effect of supportive care. It is estimated that supportive care to all preterm-LBW neonates prevented total 55 deaths, accounting for 75% of the reduction in mortality; and the treatment with antibiotics contributed 25% of the total reduction. However, in the IUGR-LBW neonates, supportive care did not contribute to the reduction, and all prevented deaths (17) were attributed to the effect of treatment with antibiotics in IUGR neonates with sepsis. The mean weight gain in LBW neonates during the neonatal period (1 to 28 days) did not show improvement; it was 566 g in 1995 to 1996, and 549 g during the intervention years (1996 to 2003). In preterm neonates, these values were 436 and 475 g, respectively.
DISCUSSION
In the 7 years of interventions in the field trial in rural Gadchiroli, 5510 newborns were managed at home, including 2015 LBW and 533 preterm neonates. With a resident VHW in each village, it was feasible to assess the neonates at birth and to identify LBW or preterm neonates and manage them at home with high coverage and quality. We observed no change in the incidence of preterm births and a modest (16%) but significant reduction in the incidence of LBW, mostly IUGR. On the other hand, the homebased management reduced the CF by nearly 60% for LBW and by nearly 70% for preterm neonates. Thus, the majority of the LBW or preterm neonates born in rural Gadchiroli could be effectively managed at home. A small proportion would still need referral.
Based on the preintervention data, we proposed a hypothesis that if the incidence of LBW/preterm could not be prevented, survival could still be improved by prevention/management of comorbidities, especially infection, in the LBW/preterm neonates. 8 The results of this study support this proposition. This is in line with the principles of managing LBW/preterm neonates in hospital. The essential approach is to prolong survival by preventing comorbidities and ensuring initiation of respiration at birth as well as feeding, warmth and protection from infection. We have applied the same principles in the home setting by training a VHW and mothers, with highly promising results.
Three factors explained the reduction in CF. First, there was a substantial decline in the incidence of comorbidities such as sepsis, asphyxia, hypothermia and feeding problems. Second, treatment with antibiotics in suspected sepsis contributed all of the observed decline in CF in the IUGR-LBW neonates, while in the preterm-LBW neonates, antibiotics therapy for the suspected sepsis contributed 25%, and third, the supportive care contributed 75% of the observed reduction in deaths in preterm LBW neonates. Overall, supportive care (home visiting, breastfeeding, thermal care) averted 55 deaths and treatment with antibiotics averted 35 deaths in LBW neonates.
This is a before-after comparison between the preintervention and the intervention years without an untreated control group. It would be unethical to detect LBW/preterm neonates in the control area and do nothing for them. However, we monitored the NMR and the IMR in the control area. As reported elsewhere, the NMR and IMR in the control area remained unchanged during the years of interventions. 16 As LBW and prematurity are the most important determinants of the NMR and the IMR, we can assume that the incidence and mortality due to LBW/preterm was unchanged in the control area and, hence, the observed changes in mortality in the intervention area can be attributed to the HBNC interventions.
Was the estimated gestation period correct? The period of gestation was estimated by VHWs on the basis of history given by pregnant women. The estimated mean duration of gestation remained consistent (276 days) during the different years (not presented). The mean birth weight progressively increased with the increase in the period of gestation (results: text). Moreover, a pronounced effect of the degree of prematurity was seen on CF (Table 4) . These facts indirectly validate the estimated period of gestation. The early recording (usually in the 4th month of pregnancy) of the date of last menstruation by the VHWs who were women from the same village and culture may be one possible explanation of relatively reliable estimation of the period of gestation in our study.
No change occurred in the incidence of preterm birth. This is consistent with the conclusion drawn by the reviewers of various other intervention trials. 17 Generally, no effective intervention to prevent preterm birth is yet available.
The only preventive intervention against LBW was health education during pregnancy to overcome the voluntary ''eating down'' prevalent in Gadchiroli 11 as well as in South Asia. 18 The mean birth weight increased by 112 g and the incidence of LBW declined by 16%, entirely due to reduction in the incidence of IUGR. Since no food supplements were given during this trial, the observed decline in the incidence of LBW suggests that nutrition education during pregnancy may have partly overcome the ''eating down'' practice. However, we did not measure the dietary intake in pregnancy and hence cannot test this. Tables 2 and 3 show the feasibility of providing various HBNC interventions at a high coverage. This demonstrates the high acceptance by families and the potential of service delivery by VHWs. However, a few indicators, such as hand washing by mothers, referral to hospital or kangaroo mother care showed low coverage. The kangaroo mother care method has been reported to successfully reduce morbidities and CF in LBW/preterm neonates. 1, 14 However, a recent review concluded that the quality of studies was unsatisfactory, and there is no conclusive evidence to recommend it. 19 Moreover, it has so far been used only in hospitals. We did not find good acceptance in our population (Table 3) . A community-based trial in Bangladesh is currently underway (N. Sloan, personal communication).
In all, 2.8% LBW/preterm neonates (62/2199) received referral/hospital care ( Table 2) . CF in these 62 neonates was 22.6%.
Comparison with Other Experiences
In our study, the main change occurred in CF, which decreased by nearly 60 to 70%. It occurred in all birth weight or gestational strata, although by varied margins (Tables 4 and 5 ). How do these results compare with experiences elsewhere?
In an earlier field trial of detection and management of highrisk neonates in villages near Pune, India, LBW or preterm neonates were managed by better care at home and by referral. 20 Although the authors do not present separate data on the CF in the neonates managed at home, the CF in the LBW neonates (<2500 g) during the intervention period was reported to be 16% and in preterm neonates (<37 weeks) to be 35%. In comparison, CF in the Gadchiroli trial was much lower, that is, 5% for LBW and 10% for preterm. These differences were probably due to the treatment of infections by VHWs and relatively well-developed methods of health education and home-based management in the Gadchiroli trial.
In a feasibility trial conducted in rural north India nearly two decades ago, the LBW infants having suspected pneumonia were treated with oral penicillin. The CF in the intervention area was reported to be 8.7 vs 24.6% in the control area, and a 20% reduction in infant mortality rate was recorded. However, the study group included infants up to the age of 1 year, and the difference in the study and the control area was not significant. 21 Comparison with the outcome of neonatal care in hospitals is difficult. Hospitalized neonates are likely to be selectively sicker. However, neonates born by hospital deliveries are less likely to be a selected population. A national database from 17 hospitals in India reports on nearly 50,000 hospital born neonates in the year 2000, among whom the NMR was 30 per 1000 live births and 33% of neonates were LBW, 22 very similar to the proportions among the neonates in Gadchiroli trial during intervention. The reported CF in different birth weight strata was also comparable (Table 7) .
Although the effectiveness of the HBNC package in Gadchiroli in reducing the CF is satisfactory, nonetheless, a selected high-risk neonates had a high case fatality and needed hospitalization. These were:
1. <33 weeks gestation (CF 45.5%). 2. <1500 g birth weight (CF 40%). 3. LBW/preterm neonates whose feeding or body temperature could not be maintained at home. 4. LBW/preterm with sepsis who did not respond to treatment with antibiotics.
Similarly, although CF declined, the mean weight gain during days 1 to 28 did not substantially increase in either LBW neonates (566 vs 549 g) or preterm neonates (436 vs 475 g). These findings suggest the need for better strategies to feed preterm and LBW neonates.
Further research on home-based management of LBW/preterm neonates should focus on the application of the kangaroo mother care method in home settings, improved techniques of feeding in homes and developing a model of first-referral-level neonatal care for managing neonates who cannot be managed by HBNC. Apart from ensuring their survival, their weight gain in neonatal period needs to be improved so that they enter into the postneonatal period with less risk of death.
SIGNIFICANCE
The LBW and preterm births are associated with most of the mortality and a major proportion of morbidity in the neonatal period, and the importance of their prevention is undisputed. However, as long as we do not have effective methods of primary prevention, then secondary prevention, that is, case management and to increase the survival, is the practical option. The overwhelming effect of supportive care and treatment with antibiotics on mortality and morbidities observed in this trial suggests that the current situation of lack of care at home for needy neonates must change. The significance of the results of this study is underscored by the fact that globally nearly 20 million LBW neonates are born each year, and that hospital-based care is not available to most of them. The cost of hospital-based care for LBW or preterm neonates is prohibitively high. In South Asia, where nearly one-third of neonates born are LBW, such a large load F nearly 11 million LBW neonates F can be possibly managed only by home-based care. We report the time inputs and cost required for providing HBNC elsewhere. 23 This paper reports the efficacy of the HBNC approach in 39 villages. However, the major challenge is to provide such care on larger scale, as a part of the regular health services. Methods for scaling need to be developed, and effectiveness of HBNC in the health services setting need to be tested. We discuss this challenge in more detail elsewhere. 23 IUGR-LBW babies are usually born in families who are poor and marginalized. Access to hospital is particularly difficult for these families. Thus, the LBW neonates represent probably the most disadvantaged and vulnerable group even within underdeveloped countries. The approach of home-based management can be a major step toward equity.
